BACKGROUND: Exercise-induced bronchoconstriction (EIB) can lead to long-term respiratory illness and even death. EIB prevalence rates are both high and variable in college athletes. Prevalence rates may be underestimated due to ineffective testing and screening. The purpose of this study was to investigate the prevalence of EIB in college athletes by a standardized EIB test that can be used on many college campuses. In addition, we assessed the usefulness of self-reporting EIB/asthma (1) history, (2) symptoms, and (3) respiratory medication obtained from a simple screening questionnaire for predicting an EIB-positive athlete. METHODS: A standardized EIB test and self-report questionnaire were administered to college athletes on 10 different sports teams. Information collected included pulmonary function (spirometry), expired gas analysis (maximal oxygen uptake), CO 2 production, minute ventilation, EIB/asthma history, current symptoms, and medication use. RESULTS: Results showed that 34 of 80 athletes (42.5%) were EIB-positive by standardized exercise testing. The majority (76.5 and 58.8%) of the 34 athletes who tested positive self-reported a negative history or no symptoms, respectively. Also, 79.4% of the athletes who tested positive for EIB reported not using a respiratory medication. There were no significant differences in a positive EIB test when assessing interactions for history (P ‫؍‬ .93), current symptoms (P ‫؍‬ .12), or respiratory medication use (P ‫؍‬ .66). CONCLUSIONS: A high proportion of college athletes tested positive for EIB when using a standardized test. Positive history, current symptoms of EIB/asthma, and respiratory medication use were not predictive of a positive test. Many EIB-positive athletes are not using a respiratory medication. More work is needed to develop an effective screening tool and improve education for EIB in college athletes.
Introduction
Exercise-induced bronchoconstriction (EIB) can cause intermittent inflammation and constriction of the airways, characterized by symptoms of chest tightness, wheezing, coughing, and unusual shortness of breath. Exercise and physical training can trigger bronchoconstriction, causing symptoms of EIB in 80 -90% of people with asthma, 1 and it has been shown that 10% of the population without asthma may experience symptoms related to EIB. 2, 3 Moreover, previous studies reported that EIB was 3-5 times more prevalent in athletes when compared with the general population. [4] [5] [6] Morbidity associated with EIB is speculated to originate from reoccurring episodes of inflammation during repeated bouts of exercise, leading to airway remodeling and chronic irreversible airway obstruction. 7, 8 More importantly, the potential for a severe episode of EIB leading to mortality has been noted in athletes. A 7-y study by Becker et al 9 reported 61 EIB-related deaths during competition or practice, with 81% of these deaths occurring in athletes Ͻ21 y old.
There is a need for more studies that adhere to a rigorous standardized EIB test protocol in order to ensure an accurate diagnosis of EIB for reporting on prevalence rates and associations with screening tools. 10, 11 The primary aim of this study was to determine the prevalence of EIB in a cohort of Division II college athletes using a standardized EIB test protocol that could be duplicated on most college campuses. We also investigated any associations between a positive EIB test and a potential screening tool (questionnaire) that included a past history of EIB/asthma, current symptoms, or use of a respiratory medication. We hypothesized that we would find a robust proportion of college athletes with EIB when using a standardized EIB test, regardless of their past history, current symptoms, or use of respiratory medications.
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Methods
Participants and Study Design
Participants in this study were selected from male and female athletes in 10 different sports teams at the University of Central Missouri during the 2014 -2015 academic year. Exclusion criteria included a baseline FEV 1 Ͻ70% of predicted, cardiac history, current respiratory infection, Ͼ10-pack-year history of smoking, or pregnancy. Athletes were recruited, between September 2014 and April 2015, at routine team meetings. Interested athletes received a brief explanation of the protocol and were given the opportunity to participate in the study (Fig. 1) . All participation was voluntary, and a written informed consent was completed by each athlete before any data collection. The study was approved by both the Kansas University and University of Central Missouri institutional review boards.
Study Protocol
Participants who consented to participate in the study were scheduled for a single visit to complete a questionnaire and standardized EIB testing. The questionnaire consisted of 16 questions relating to respiratory and allergy history, symptoms, and medications. A history of asthma was defined by a previous diagnosis from a physician. All questions have been previously included in a health survey developed by the United States Olympic Committee. In addition, 6 questions relating to EIB symptoms and athletes' concern about EIB affecting sports performance were presented in the format of a 5-point Likert scale. An answer of Ն2 (some of the time) on the Likert scale was considered as a positive response. The questionnaire was explained by a member of the research team and completed by all athletes before performing a standardized EIB test.
Each participant performed a standardized EIB test, including baseline spirometry, treadmill exercise challenge, and serial spirometry post-exercise challenge according to American Thoracic Society guidelines. 12 Before spirometry testing, all asthma medications, including short-acting bronchodilators and long-acting bronchodilators, were withheld for 8 and 24 h, respectively. At least 2 acceptable and repeatable FEV 1 maneuvers were performed at baseline before a treadmill exercise challenge. An exercise bronchoprovocation challenge was performed on a treadmill after collecting the baseline spirometry. Before step-
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Current knowledge
Prevalence of exercise-induced bronchoconstriction (EIB) in college athletes can be both high and variable. College athletes do not accurately recognize or report EIB symptoms. College athlete self-reporting of EIB/asthma has not been shown to be predictive of a positive EIB test.
What this paper contributes to our knowledge
This study supports the high prevalence rate of EIB in college athletes when diagnosed by a standardized EIB test. Self-reporting of history, symptoms, and respiratory medication use does not predict a positive EIB test. A rigorous standardized EIB test can be performed on college campuses to help screen for EIB-positive athletes. ping onto the treadmill, participants were fitted and acclimated to a mouthpiece, nose clip, and headgear (Hans Rudolph, Inc., Shawnee, Kansas) for gas analysis, including minute ventilation (V E ), CO 2 production, and O 2 consumption. Participants began walking at a brisk pace on a treadmill while breathing dry air (Ͻ10 mg H 2 O/L). The protocol involved a rapid increase in intensity (grade and speed) over 2-4 min to achieve a V E of at least 17.5-21 times the baseline FEV 1 and 80 -90% of the target heart rate (ϳ220 Ϫ age in years). Once this intensity was achieved, the participants maintained the high level of exercise for another 4 -6 min. Serial spirometry was performed immediately after and 5, 10, 15, 20, 25, and 30 min after the exercise challenge. Two acceptable and reproducible spirometry measures were collected at each time interval, with the highest acceptable value recorded. The criterion for a positive test was a Ն10% fall in FEV 1 from the baseline measurement.
Statistical Analysis
The primary aim was to determine the prevalence of EIB in a cohort of Division II college athletes using standardized EIB testing. Any associations between a positive EIB test and a past history of EIB/asthma, current symptoms, or use of asthma medication were also assessed. Descriptive statistics were used to describe group characteristics. Numbers and proportions were used to explain self-reported data (history of EIB or asthma, symptoms, and medication use) and standardized EIB testing results in college athletes. Pearson chi-square tests were used to analyze interactions between a positive EIB test and a past history of EIB/asthma, current symptoms, or use of asthma medication. All analyses were 2-tailed with ␣ ϭ 0.05 and performed with SPSS version 15.0 (SPSS, Chicago, Illinois).
Results
Eighty-five athletes from 10 different sports completed the questionnaire and standardized EIB test. Participant characteristics are shown in Table 1 . Overall, participants were healthy and young and had normal lung function. Five athletes had a baseline FEV 1 Ͻ70% of predicted and did not undergo an exercise challenge. All 5 athletes were referred to their physician for follow-up.
All athletes reached their mean target heart rate and V E (Table 2) . Moreover, all athletes reached their target V E and heart rate and had a normal (Ͼ80% of predicted FEV 1 ) at baseline. Thirty-four of 80 athletes (42.5%) tested positive when undergoing a standardized EIB test ( Table 2 ). The EIB-positive group mean for percent-predicted FVC remained normal and without any clinically important change from baseline to post-exercise challenge, (96% preexercise vs 92% post-exercise). However, the EIB-positive group mean FEV 1 as a proportion of FVC (FEV 1 /FVC) indicated a clinically important decrease from 83% pre-exercise to 71% post-exercise. A large proportion, 26 of 34 (76.5%), of those testing positive did not report a history of EIB or asthma (Fig. 2) . More than half, 20 of 34 (58.8%), of the 34 EIB-positive athletes did not report any symptoms of EIB or asthma (Fig. 2) . A large proportion, 27 of 34 (79.4%), of the EIB-positive athletes did not report using a respiratory medication (Fig. 2) .
Interactions including past history, current symptoms, and respiratory medication use were analyzed for predicting an athlete with a positive standardized EIB test. A positive EIB test was not affected by the athletes' history, current symptoms, or respiratory medication use. Conversely, 44% of the athletes with a negative history tested positive for EIB, which was greater than the 35% of athletes who reported a positive history (Fig. 3) . Similarly, 48% of athletes reporting to be asymptomatic tested positive for EIB compared to only 27% of athletes who reported symptoms (see Fig. 3 ). Also, a larger proportion of athletes (44%) not using a respiratory medication tested positive compared with 41% of the athletes on an asthma medication (see Fig. 3 ). 
Discussion Prevalence
The results of this study are consistent with previous studies reporting a high prevalence of EIB in athletes when using the eucapnic voluntary hyperventilation testing modality. 4, 5, 13, 14 However, another study showed a low prevalence rate among college athletes when using the eucapnic voluntary hyperventilation testing method. 15 Regardless of the variability seen with the prevalence of EIB in athletic populations, a previous workgroup reported a substantial EIB prevalence (30 -70%) in athletic populations using a variety of diagnostic methods. 3 Given the significant prevalence of EIB reported in most studies it is critical to pursue an accessible testing method for accurately diagnosing athletes once they are screened for potential EIB. In the current study, an 80 of 85 (94%) success rate was achieved while adhering to a strict standardized EIB testing protocol that may be duplicated at many college institutions.
Prevalence and History
The data in this study showed that there was not a significant difference in a positive EIB test between athletes with or without a previous history of EIB or asthma. However, the data indicated that a larger proportion of athletes with a negative history tested positive compared with those who reported a history of EIB or asthma. Our results are also consistent with previous studies reporting a lack of association between college athletes who were EIB-positive by objective testing with a previous history of EIB or asthma. 4, 5 Parsons et al 5 showed that only 14% of college athletes who were EIB-positive had a previous history of EIB or asthma. Dickinson et al 4 showed that only 27% of EIB-positive elite athletes reported a history of EIB or asthma. Our study also revealed that a small proportion (23.5%) of college athletes who tested positive reported a history of EIB or asthma. Together, these findings suggest that detecting EIB in athletic populations can be difficult, and proper diagnostic screening has serious clinical relevance.
Prevalence and Symptoms
There was no significant difference in a positive EIB test between athletes with or without previous symptoms of EIB or asthma. As with history, the data were concerning, since a larger proportion of athletes reporting to be asymptomatic tested positive compared with those who reported symptoms of EIB or asthma. Our results are similar to those of previous studies suggesting that self-reported symptoms are not associated with testing positive when performing a standardized EIB test. 5, [15] [16] [17] This is clinically relevant from both an overdiagnosis and underdiagnosis perspective. A previous report indicated that the majority of physicians may overdiagnose and treat EIB with short-acting ␤ agonists based on symptoms alone, without assessing the athlete during an exercise challenge. 18 Therefore, athletes may be using a short-acting ␤ agonist medication for months or even years without any results of measurable airway reactivity. On the other hand, EIB may be underdiagnosed for a number of reasons. Almost half (28 of 58) of the athletes who reported to be asymptomatic in our study were EIB-positive during the standardized EIB test. Many athletes may fail to report symptoms suggestive of EIB and not seek medical care to undergo a formal diagnosis. This may be attributed to the athlete's lack of awareness for symptoms and their association to EIB. Rather than recognizing the potential of having EIB, athletes may consider themselves to be in poor condition or believe they are having a bad training day. As a result, athletes potentially may continue to experience silent episodes of EIB. Together, these findings suggest that specialists in respiratory care may need to do a better job at teaching awareness of EIB to athletes, coaches, trainers, and parents. As previously mentioned, this can be clinically relevant, since a vast majority (81%) of EIB deaths were in the college athlete age group or younger. 9
Prevalence and Respiratory Medication
There was no significant difference in a positive EIB test between athletes using or not using a respiratory medication. Moreover, only 20% of the athletes who tested positive in this study reported using a respiratory medication. Evidence-based guidelines recommend the prophylactic use of a short-acting bronchodilator (␤ 2 agonists) shortly before exercise as the main therapeutic treatment for EIB. 19 Furthermore, the National Athletic Trainers Association guidelines suggest that athletic trainers in direct contact with athletes should understand the use, misuse, and abuse of ␤ 2 agonists. 20 Although guidelines support the use of ␤ 2 agonists to minimize or prevent symptoms of asthma, patients with asthma may not adhere to their prescribed medication treatment. 21 These findings may be related to a number of issues, including the lack of (1) awareness about EIB among sports teams and personnel, (2) education for athletes and parents, and (3) accurate screening and diagnosis of athletes. More work is needed to determine the barriers for the non-use of asthma medications in athletes.
Our study is limited due to its use of a convenience sample of athletes from a single university. A larger sample size could allow for the investigation of differences in prevalence among different sports. We did not test athletes from all sports, so our data may not be representative of athletes on all teams. Larger studies are needed to provide a better generalization of the college athletic population and investigate any differences between sports.
Conclusions
This study showed that a standardized EIB test can be performed on a college campus to accurately diagnose college athletes. A large proportion of athletes tested positive, and there were no significant differences found in EIB-positive athletes when assessing interactions for history, symptoms, or respiratory medication. This suggests that a prior history or self-reporting of symptoms is unreliable when attempting to accurately diagnose EIB in college athletes. More work is needed to evaluate the prevalence of EIB in college athletes while using an accessible and standardized test. In addition, future studies are needed to evaluate the clinical importance of an accurate and simple screening tool that can stratify at-risk athletes for standardized EIB testing. Accurately predicting student-athletes who test positive for EIB may help to moderate any unnecessary morbidity and mortality.
